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Abstract: In consideration of the constraint of the advanced traveler information systems (ATIS) de-
tecting accuracy and the time delay of information feedback systems, a novel approach named graded-
information feedback strategy is proposed and applied into a two-route scenario. The approach adopts
the fuzzy C-means clustering algorithm to classify road traffic conditions based on flux. mean velocity.
and density. Then, each cluster centre is fixed on. Furthermore. real-time traffic conditions on each
route could be judged by the preceding cluster centers. Results of judgment would be displayed on vari-
able message signs to guide the successors at the entrance to make reasonable route-choices. Mean-
while, a cellular automaton model is adopted to investigate the correlation between efficiency of two-
route systems, number of clustering, and travelers' route choice behavior. Compared with the conven-
tional strategies, the simulation shows that the innovative information feedback strategy can evidently
improve utilization efficiency of road networks.
Key words: traffic flow; graded-information feedback j two-route; fuzzy cluster; cellular automaton
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1 Introduction
In recent years. there has been a growing interest in
design and deployment of advanced traveler informa-
tion systems (ATIS). As key part of ATIS, informa-
tion feedback strategies have attracted great interest of
transportation scholars (Eran et al. 2013 a j Cristea et
at. 2014 j Eran et al. 2013 b). The road service effi-
ciency can be greatly improved by means of an appli-
cable information feedback strategy. Although people
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are full of expectation of ATIS. traffic condition
would become more serious if an inappropriate infor-
mation feedback strategy is adopted. It is an essential
task in the field of road traffic to find an optimal and
efficient information feedback strategy (Wable et al.
2002 j Zhao et al. 2013).
Thus. several conventional information feedback
strategies have been proposed. These strategies main-
ly consist of three types: travel time feedback strategy
(TTFS) (Wahle et at. 2000). mean velocity feed-
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back strategy (MVFS) (Lee et al. 2001) and con-
gestion coefficient feedback strategy (CCFS) (Wang
et al. 2005). It has been proven that MVFS is more
effective than TTFS, which is a lag effect approach
and is impossible to provide travelers with the current
situation of each route. Meanwhile, CCFS is more ef-
fective than MVFS, the core of which is to define the
congestion coefficient creatively. Regardless of the
fact that CCFS promotes the efficiency of the road
networks, it needs higher detection precision and
more computing resources of ATIS to compute the
congestion coefficient. Based on three strategies
above, Dong et al. (2010a; 2010b; 2010c) put for-
ward to a corresponding angle feedback strategy
( CAFS) , a vehicle number feedback strategy (VN-
FS) and a prediction feedback strategy (PFS). Chen
et al. (2012a; 2012b; 2012c) put forward to a vehi-
cle .s length feedback strategy (VLFS), time flux
feedback strategy (TFFS) , and an exponential func-
tion feedback strategy (EFFS). Tobita and Nagatani
(Tobita et al. 2012) put forward to a tour-time feed-
back strategy.
These information feedback strategies adopted
various traffic flow feedback factors to improve the
capacity and performance of road networks to some
extent. In order to make research work more conven-
iently, it is commonly assumed that ATIS can acquire
real-time and precise traffic information. In practice,
traffic information is gathered from each vehicle, and
is transmitted to traffic center to be processed, and
then is distributed to each road user. As a result of the
above whole process, the delay of feedback informa-
tion will be inevitable. In addition, traffic information
is restricted to the level of ATIS detecting accuracy,
and impracticable to provide completely precise
information.
Furthermore, Meneguzzer and Olivieri (2013)
studied the day-to-day route choice dynamics in a
simple three-route network with limited feedback in-
formation. Hino and Nagatani (2014) studied the
traffic behavior in the case which has a bottleneck on
a route in the two-route traffic system with real-time
information. Shiftan et al. (2011) evaluated the po-
tential benefits from pre-trip travel time information
provision by gaining insights into and better under-
standing of the factors affecting the route-choice be-
havior of travelers. Ella and Shiftan (2010) pointed
out that travelers made route-choice relying on both
real-time information and their historical experience.
Bekhor and Albert (2014) demonstrated that certain
sensation seeking domains alongside traditional varia-
bles played an important role in route chOIce behavior
with pre-trip travel time information.
The above researches reveal the complex relation-
ship between route-choice behavior and real-time
feedback information. But, it is a conventional pre-
sumption which is commonly called the maximum
utility theory in the former information feedback strat-
egies that travelers would always choose the shortest-
time cost one of the routes according to feedback in-
formation. As a matter of fact, detailed and precise
feedback information is not required because travelers
usually take feedback information only as reference.
Consequently, it is a reasonable and practical ap-
proach to provide road users with graded-information
to minimize their personal travel time, which is quali-
tative based on numerical information about the traffic
conditions. Both delay of information processing and
detection error of ATIS are ignored in the graded-
information. The discrete choice model is adopted to
imitate traveler t s route-choice behavior instead of the
maximum utility theory. Of course, the emphasis of
this study is on the graded method of traffic informa-
tion and performance analysis of the graded-informa-
tion feedback strategy (GIFS) in two-route scenario.
The remainder of this paper is arranged as follows.
In section 2, the VDR model and a two-route scenario
are briefly introduced, and then graded-information
rules on the basis of fuzzy C-means clustering algo-
rithm are depicted in detail. In section 3 t factual sim-
ulation results are presented and results are discussed
on the comparison of TTFS. In the last section t we
make conclusions and suggestions.
2 Graded-Information feedback strate-
gies
2.1 VDR mechanism
Compared with the NS mechanism, which is the most
popular and simplest cellar automaton model to inves-
tigate the traffic flow, the VDR mechanism is a more
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2.3 Graded-information rules
N
I Vn
f = vp = II =l (3 )
where p represents the traffic density on one route; v
represents the mean velocity of all vehicles on one
route; f represents the flux on one route; N is the ve-
hicle number on one route; VII is the speed of the nth
vehicle on one route.
( I )
(2 )
N
LVII
- fJ =1
V =--
N
Np=-
L
chooses one route actively. If a vehicle enters the de-
sired route, it will be subjected to the rules of VDR
model on the route. Conversely, if a new vehicle is
unable to enter the desired route, it will come into a
queue of the corresponding route to wait for entering
the desired route at the next time step. The vehicle
will be removed after it reaches the end point of the
route. An overall procedure of the model is given as
follows. Initially, two routes and VMS are empty,
and new vehicles choose route l ( l is A or B) random-
ly. After the vehicles enter the routes, traffic infor-
mation can be measured and processed. Then, feed-
back information will be generated and displayed on
the VMS at each time step.
As a rule, traffic conditions of one route could be
characterized by density, mean velocity, and flux,
which are defined as follows:
In order to identify the traffic conditions appropriate-
Iy, all three relevant parameters (including flux,
mean velocity, and density) are to be used. It must
be emphasized that the identifying of traffic conditions
should be assisted by three parameters together instead
of only one of them ( Yang et al. 2(08). Consequent-
Iy, Fuzzy C-means clustering algorithm (FCM) can
be utilized to judge road conditions by flux, mean ve-
locity, and density.
FCM was initially proposed by Bezdek in 1981 for
classifying data points in multi-dimensional space. In
fuzzy cluster analysis, the membership is used to sig-
nify the cluster extent of every data marker. FCM is a
soft cluster method for traffic flow data. When using
A ..... --
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Fig. 1 Two-route scenario
functional one in analyzing the traffic flow (Barlovic
et al. 1998), which considers the velocity depend-
ence of random brake P. In this model, due to the
variables of discrete time and space, the road is subdi-
vided into cells of length 7. 5 m, and the vehicles
update their positions and velocities according to the
following rules:
( 1) Acceleration
VII ( t) --+v II ( t ++) = min IVII (t) +1, Vmax I
( 2 ) Deceleration
VII(t++)--+VII(t+~) =minlvlI(t++), dll(t) I
( 3 ) Randomization with probability PII ( t +1 )
PII (t + I) = {Po vII (t) =0
PrJ VII (t) > 0
2 2
VII (t+ 3) --+ VII (t+ I) =max IVII (t +3 )- 1, 0 I
( 4 ) Vehicle motion
XII ( t + 1) = XII ( t) + VII (t +1 )
where V II (t) is the speed of the nth vehicle at time t;
Vmax denotes the maximal velocity of vehicles; dll ( t)
is defined to be the number of empty cells in front of
the nth vehicle at time t; XII ( t) is the location of the
nth vehicle at time t; Po and PrJ denote the probabilities
of randomization according to vehicle' s velocity at
time t; PrJ is smaller than P".
2.2 Two-route scenario
The two-route scenario was investigated by Wahle et
al. (2000) in which travelers choose one of the two
routes according to the feedback information displayed
on a variable message sign (VMS) , which is located
at the entrance of routes (Fig. 1). In the two-route
scenario, it is supposed that there are two routes A
and B of the same length L.
A new vehicle is generated at the entrance of two
routes with a probability Aill at every time step, and
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Thus, the clustering center matrix V, which repre-
sents c kinds of traffic conditions, can be calculated
by massive historical traffic flow data (including
flux, mean velocity, and density). After obtaining
the center of various traffic conditions, we can con-
clude the real-time graded-information of each route
based on the Euclidean distance between the clustering
center j and the real-time traffic flow data on each
route. The concluding result about route l would be
displayed on VMS as feedback graded-information g[,
FCM to cluster traffic flow data, we have to standard-
ize the original data with range transform so as to uni-
fy its range and dimension fIrstly. FCM divides n
vectors X; ( i =1,2, "', n) into e fuzzy groups, and
computes clustering center vj (j = 1 ,2 , "', c) of each
fuzzy group to minimize objective function of non-
similarity. The objective function is Eq. (4) :
n c 2
I( U, V) = I I (U;j) m II Xi - vd (4)
;=1 j =1
where n is the number of the data points; c is the
number of clustering groups; U is a membership ma-
trix; V =1VI' V2 , ... , vel is a clustering center matrix;
uij is a element of matrix U, which is in row i and
column j, indicating membership of data point i be-
longing to clustering center j, U;j E [0, 1 ], and
2I U ij = I; "x; - vj II is the Euclidean distance be-
j=l
tween clustering center j and data point i; m, a
weighed coefficient, is a parameter that controls algo-
rithm flexibility, m E ( 1 , + 00 ). Assuming m = 1 ,
FCM is degenerated with hard C-means clustering al-
gorithm. Generally, m ranges between 1. 5 and 2. 5
for traffic flow data soft clustering, and its ideal value
is 2 (Pal and Bezdek 1995).
If above mentioned conditions are met, we can
construct the Lagrange multiplier, and then calculate
the partial derivative for all the input parameters. The
essential conditions minimizing the objective function
are both Eqs. (5) and (6) :
uij = [ f (dij ) ":1 ( (5 )
k =1 dkj
and its value range is from 1 to c. The value 1 de-
notes the worst route traffic condition, and the value c
denotes the best one.
After acquiring the feedback graded-information g[
displayed on VMS, travelers would make route-
choices according to the Logit model. In this model,
travelers would choose route l with a probability PI as
Eq. (7):
ILogit modell·
Fig. 2 Schematic diagram of GIFS
ID Method 0 Information flow CJ Choice I
FCM I
I VDR IH
Figure 2 shows a schematic diagram of the graded-in-
formation feedback strategy, which demonstrates the
affecting mechanism of information feedback.
PI = exp(- f)TI ) (7)
L exp(- f)T[)
Ie IA,8/
where TI is estimated travel time when traveler' s
choice is route 1, it can be calculated by Eq. (8) ;
f) E [0, + 00 ) denotes the rational degree of travelers.
When f) = 0, the probability of choosing one route is
equal to that of another route, and it is 1/2. When
~ + 00 , traveler's choice is the optimal route.
LTI =- (8)gl
2.4 Route-choice model
2.5 Processing procedure
3 Simulation results and discussion
In simulations, the length L is 800 cells; the maximal
velocity Vmax is set to be 4 ; the vehicle generated
(6)j E [l,e]
nI (Uij)mx;
i=l
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probability A'w is set to be O. 7. [n the VDR model,
the randomization break probabilities are both P" =
0.5 and PJ =0.15. In the FCM algorithm, set 111 =2
and C E 12,3,41. In the route-choice model. set () =
0.01. Before verifying perfonnance of the graded-in-
formation feedback strategy, it should fix on the elus·
tering center matrix V by using historical simulation
traffic data generated from VDR model. All simula·
tion results are obtained by 25000 iterations excluding
the initial 15000 time steps. The graded-infomliltion
feedback strategy are compared with the travel time
feedback str:lIcgy under the same condition in order to
reveal characters of the new strategy. [n addition. we
investigated the relationship between the perfonmlllce
and the number of grading. including 2. 3 :ll1d 4.
Figure 3 displays the changing of nux of e:lch
route according to timc when adopting the four dif-
ferent strategies. Both siability and average value
are equivalent approximately, because four strate-
gies adopt the identical vchicle generated probabili-
ty. In other words. the numbers of vehicles passing
through the entire two-route system are equal ap-
proximately. However, the variation range of
TTFS is larger than that of the other three. and the
variation range of GIFS with four grades is smaJIer
than that of others.
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, ,
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1\ .10
II "i
- II
'Jl'j~
IUH_
-ROUle III Ith GIFS-~
... Routc2"ilhGIFS-.~ -R()"l~ I '1'lh (iiI'S·.!ROute 2" ilh til FS-.!
1!.l~)O "n~)i\,-----o"'~):I"'''
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, ,
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Figure 4 illustrates the changing of me:ll1 speed of
each route according to time when adopting the four
different strategies. There arc perceptible differences
among these strategies. The average speed of TTFS is
lower than that of GIFS. and the variation range of
TTFS is larger than that of the other three. The lowest
speed of TTFS is about 1. S. but that of GIFS is about
higher than 2.5.
Figure 5 iJIustrales the changing of vehicle' s
number of each route that represents the density of
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route essentially according to time when adopting
the four different sttategies. The average vehicle
number by adopting TTFS is larger than that adop-
ting the rest three strategies. In the meantime, the
variation range of TTFS is from about 65 to 125,
but other three strategies' variation ranges are no
more than 105. It implies that traffic congestion
maybe occur when using TIFS. Traffic conditions
adopting GlFS are more ideal owing to fewer vehi-
cle numbers on routes. The simulation analysis is
demonstrated in Tab. 1.
It is known that travel time is a dominant factor for
road users making route-choice. It can be seen clearly
from Tab. 1 that the average travel time of TIFS is
longer than those adopting graded-information feed-
back strategies. On the other hand, graded-informa-
tion feedback strategies could alleviate traffic conges-
tion to some extent. When adopting the graded-infor-
mation feedback strategies, we can realize traffic as-
signment better, to alleviate traffic congestion. Over-
reaction of travelers is pressed effectively. and fluctu-
ation of traffic flow is decreased obviously under gra-
ded-information environment. In graded-information
feedback strategies, the strategy with four grades is
superior to the rest two strategies a little. Thus, it can
comprehend that the number of grading has negligible
effect on the performance of graded-information feed-
back strategies.
- Route I with GFIS-2
.... Roule 2 with GFIS-2
••
3.
3.
"00
•
•
2.
2.
I.
0 2000
-Route 1 ",ilh tTFS
... 'Route 2 with tTFS
4000 6000
Time step
(I) TTFS
8000 10000
•
3.
3.
"00
•
•
2.
2
I.
0 2000 4000 6000
Time step
(b) GIFS wilh two grades
8000 10000
2.
-Route I with GIFS-3
... ·Route 2 with GIFS·3
2.
- Route I with GIFS-4
... Route 2 with GIFS·4
I.~o---;;O;;--";;;;;--U:;;;c-----.;;;;;;-o;;;O~" 2000 4000 6000 8000 10000
Timestep
(e) GIFS wilh three grades
1. 0 2000 4000 6000
Time step
(d) (jIFS with four grades
8000 10000
Fig. 4 Average speed of each route
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Tab. Simulalkm dat:il anal}Qs
TIP.; r1O'O gr3des
Th= ""'"
-""'"AU1 of route I O.32·Ei 0.3257 Q.JJ06 U. J:!78
AU1 of route 2 O.JN3 O.J2..~ O. JJ0.4 O. )241
A\tTage speed of route I 2.8351 3.3768 3.
"
J. -Pl17
A\~gc speed of roule 2 3.0939 J.37-E> 3.5251 J.4853
Vdude number of mute 1 93,1718 n.6602 78...n1 75."441
Vdlicle number of route 2 85.8508 76.9784 75.0313 74.5249
A~ernge nu~ of two routes 0.3245 0.3243 0.3305 n.3260
A~erage speed of tWO roUles 2.%45 3.3757 3.4540 3.4835
A\crJge vehicle number of two roule.~ 89.5113 77. 3193 76.7543 74.9845
A\'c:r1Ige l1II\"cl llnlC 269.8611(1 236.9914 131.6189 229.6541
4 Conclusions
It is a challenging job to provide travelers with precise
and real~lime feedback infonnmion because of delec-
ling accuracy and infonnation processing of ATIS.
On the olher hand. travelers take feedback infonna-
tion only as references 10 make reasonable roUIC-
choices. This implies that thorough feedback informa-
tion is nOI required.
In this study. a workable and feasible infonnation
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feedback approach called the graded-information feed-
back strategy is proposed. Fuzzy C-means clustering
algorithm was utilized to grade traffic flow data; in-
cluding flux, mean speed, and density. VDR model
was adopted to verify the performance of this graded-
information feedback strategy. Simulation results
show graded-information is more advantageous to
route-choices of all travelers. Compared with the trav-
el time feedback strategy, this strategy can reduce
travel time of travelers and promote utilization effi-
ciency of road networks palpably. Although the num-
ber of grading has negligible effect on the perform-
ance of feedback strategies, it is suggested that four
or even more grades should be adopted if possible.
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